This panel study investigated the effect of potential predictors on per capita domestic water consumption in the wet and dry seasons. A total of 242 urban households with children under age five were drawn from two urban communities, Abuakwa and Nkawie, in the Atwima Nwabiagya District, Ghana. Data were collected from mothers using interviewer-administered questionnaires and analyzed using correlation and stepwise multiple regression. Mean per capita daily water consumption was estimated at 38.97 and 20.70 liters in the wet (n = 140) and dry seasons (n = 235), respectively. The volume of the primary water storage vessel, number of water storage containers, and household size were the most significant predictors in the wet season, constituting 16% of the variation in water consumption. Duration of water storage, household size, number of water service hours, and volume of the primary water storage vessel emerged as the most significant predictors in the dry season, constituting 40% of the variation in water consumption. Further research that considers a wider range of socio-demographic factors, such as the gender of the household head, culture, religion and water use characteristics of each member of the household are recommended.
Introduction
Water is an essential component of life. In the first large-scale assessment of domestic water use in Africa, researchers examined the use of water for basic consumption, hygiene, and amenities in domestic life (Thompson et al., 2001) . Thereafter, numerous studies on water supply were based on the findings of the Drawers of Water I (DOW I) study (Rosen & Vincent, 1999) . Findings from the DOW I study revealed that increasing the quantity of water used per capita was more important for a household's health and well-being than improving its quality. According to the World Health Organization (WHO), water consumption has direct implications for human health physiologically and in controlling for water-related diseases (WHO, 2003) . Nevertheless, few reports are published on the association between water consumption and environmentally related diseases (Aiga et al., 1999) . Though it is known that the quantity of water used for domestic purposes and personal hygiene has implications for controlling environmentally related diseases such as diarrhoea (Esrey & Habicht, 1986; Esrey et al., 1985; Victora et al., 1988; Sandiford et al., 1990) , there is much to learn regarding water use within the households that have the most vulnerable members: children under five years. The United Nations World Water Assessment Programme (UN WWAP) (2009:97) noted that "our knowledge of water use is poor" and the limited knowledge of water use patterns inhibits the ability to manage water resources appropriately.
A review of the literature suggests that, from the late 1960s, North American economists forged ahead in investigating the factors influencing domestic water consumption and focused on price and income as a means of regulating water demand (Corbella & Pujol, 2009 ). Howe and Linaweaver (1967) , Jones and Morris (1984) , Arbués et al. (2004) , and Garcia and Reynaud (2004) demonstrated that domestic water consumption was significantly influenced by price. In addition, Agthe and Billings (1987) , Arbués and Villanua (2006) , Arbués et al. (2003) , Baumann et al. (1998) , Gaudin et al. (2001) , and Hoffmann et al. (2006) emphasized the influence of income on domestic water consumption. In reality, domestic water consumption is not only influenced by economic factors but also by socio-demographic factors such as population growth (Morehouse et al. 2002) , age (Kenney et al., 2008) , education (House-Peters et al., 2010) , age of building , and number of bed rooms (Fox et al., 2009) .
Recently, there have been demands for further research into socio-demographic factors of water demand to complement information regarding economic factors such as price and income (Corbella & Pujol, 2009 ). Furthermore, the Intergovernmental Panel on Climate Change (IPCC) indicated that residential water demand management will be a critical issue that will engage the attention of city authorities due to projected decrease in water supply and increase in demand for water (Bates et al., 2008) . In order to address the demand for water, there have also been calls to understand domestic water use behavior and the factors that influence it (Russell & Fielding, 2010) . Attempts by policy makers and urban water planners to effectively manage water resources must consider the factors influencing demand and water consumption behavior from a spatial-temporal perspective. Therefore in order to contribute to the growing body of literature on socio-demographic factors influencing water consumption, we present a panel study of households with children under five. Specifically we asked the following research questions: In households which have children less than five years of age, which factors are significantly associated with domestic water consumption in the wet and dry seasons? Which factors affect domestic water consumption in the wet and dry seasons?
Materials and Methods

Setting
This panel study was conducted in the Atwima Nwabiagya District (6 Ο 32'N, 6 Ο 75'N and 1
2 ) of the Ashanti Region, Ghana (Figure 1 ). The district is predominantly urban, with 64% of residents living in urban communities, and 51% engaging in agricultural activities (ANDA, 2011:8) . Two urban communities, Abuakwa and Nkawie were chosen based on the availability of research logistics and a review of data from the District Health Directorate, which indicated a relatively high prevalence of childhood diarrhoea cases from (GHS, 2011 . This study formed part of a longitudinal study of domestic water use and its relationship with childhood diarrhoea in selected urban communities of the Atwima Nwabiagya District, Ghana. Urban and rural water supply coverage in the study district was estimated at 95% and 70%, respectively, in 2009 (ANDA 2011:31) . The study was conducted in two phases. The first was a household survey in the wet season of 2012 (May-August) and the second was a repeat survey of all enumerated households in the dry season of 2013 (January-February). Vol. 8, No. 8; 2015 number was written on the respondent's dwelling wall to facilitate revisits and accurate data entry. All respondents were mothers who had at least one child aged five years or younger.
Pilot Study
The research instruments were pre-tested in Kobeng, a community in the Atwima Nwabiagya District and after a review of the collected data, corrections were made to the research instrument before the start of field data collection in May 2012.
Data collection instruments
Interviewer administered questionnaires were used to collect data on socio-demographic characteristics of respondents and domestic water use behavior at the household level in both wet and dry seasons. It included two sections namely:
1. socio-demographic characteristics such as age of the respondent, level of education, marital status, age of spouse, age of children, number of children less than five years old, level of education of spouse, occupation, number of rooms, length of stay in the dwelling (years), dwelling characteristics; type of roof, type of walls, floor type, ownership of dwelling, household size, and household possessions.
2. water use characteristics such as sources of domestic water, sources of drinking water, size and type of primary water collection vessel, size of the primary water storage vessel, time taken to conduct a return water collection trip, number of water collection trips per day, total amount of water collected per day, payment for water usage, number of days for water storage, water storage frequency and number of functional taps in the household.
Statistical Analysis
Quantitative data on socio-demographic and water consumption characteristics were entered into the Statistical Package for Social Sciences (SPSS ® ) version 16. Correlation and stepwise multiple regressions were used to examine the relationships between per capita water consumption and eleven potential predictors. The predictors were chosen based on the review of the results of studies conducted by Sandiford et al., (1990) ; Thompson et al.,(2001) ; Gazzinelli et al, (1998) and House-Peters and Chang, (2011) . Collinearity diagnostics suggested that multicollinearity amongst the variables was not a concern. A stepwise multiple regression was used to determine the predictors of water consumption. Each variable was entered in a sequence and its value was assessed with statistical significance set at p ≤ 0.05. The variables that significantly contributed to the model were retained. All other variables were reentered to assess their contributions to the success of the model, and the variables that did not contribute significantly to the model were removed. The stepwise method ensured that only a small possible set of determinants was included in the model, and therefore it also gave the minimum number of variables needed to determine water use (Sandiford et al. 1990; Gazzinelli et al. 1998) . Table 1 indicates the variables and the relationship with per capita water consumption. Thompson et al.,(2001) ; Sandiford et al., (1990) ; Gazzinelli et al, 1998 and Chang, (2011) .
As shown in Table 1 , out of the 11 variables four were re-coded into a binary outcome of 'Yes' (1) and 'No' (0). They were household socio-economic status, mother's educational level, hours of water service and volume of the primary water storage vessel.
Distance was estimated in minutes using reported times given by mothers. Mothers estimated the total volume of water collected a day in the household by using a pictorial guide of locally appropriate water container sizes (UNHCR, 2013:14) . Per-capita daily water consumption (l/capita/day) was calculated by dividing the total volume of water used in a day (total daily water consumption) by the total number of members of the household.
Wealth Index
Socio-economic status was assessed using a 'wealth index' which was developed using household possessions due to the difficulty encountered in collecting reliable information on incomes during the pretest. Each household's possessions were assigned scores for analysis as follows: bicycle (1), working radio (1), electricity (2), cassette player (2), motor cycle (2), car (3), working television (3), household utensils (3) and refrigerator (4). Roof type: tatch/mud (1), plywood (2), metal (3), tile/concrete (4). Where a household did not own any of the items, a corresponding zero (0) score was given. The wealth index was categorized as follows: 1-4 'Low income', 5-8 'lower middle income', 9-12 'Middle income', 13-16 'Upper middle income', 17-20 'High income' www.ccsenet.org/jsd Journal of Sustainable Development Vol. 8, No. 8; 2015 6 and 21 or more 'Very high income' (Thompson et al., 2001; Gazzinelli et al, 1998) .
Ethical Approval
Ethical approval was given by the Committee on Human Research, Publication and Ethics (CHRPE), Kwame Nkrumah University of Science and Technology, (CHRPE/AP/187/12). Additional approval was given by the District Health Directorate and the Atwima Nwabiagya District Assembly.
Results
Socio-demographic Background and Water Consumption Characteristics
The highest number and proportion of urban residents 175 (72.3%) were located in Abuakwa, followed by 67 (27.7%) located in Nkawie. Married respondents constituted 207 (85.5%) of the studied urban population and the mean household size was 5 persons (± 2 S.D), which was higher than the national average of 4.4 persons (GSS, 2013:72) . In addition, there were 155 (64.6%) urban households with only one child less than five years and 203 (84.2%) households living in single-room apartments. The mean age of mothers in the urban households was 31 years (± 6 S.D) compared to 39 years (± 9 S.D) for their male counterparts. While the majority of mothers, 104 (43%), were involved in trading, 76 (31.4%) were self-employed and 25 (10.3%) were housewives, 98 (40.5%) of their male counterparts were self-employed, 48 (19.8%) were drivers, and 23 (9.5%) were civil servants. With respect to education, a large number of mothers in urban households, 24 (10%), did not have formal education compared to 13 (5.8%) of their male counterparts (Table 2) .
A total of 170 households (71%) used improved sources of drinking water, whereas 70 households (29%) used unimproved sources. Latrine ownership, on the other hand, was low as only 20 households (8.3%) owned a latrine. Consequently, improved sanitation usage was only 8% (Table 2 ). In both the wet and dry seasons, the mean number of functional taps in a household was one and it took an average of six minutes to make a return water collection trip in each season. In the wet season, households (n = 186) paid an average of Gh₵ 2.00 per day, whereas in the dry season, households (n = 215) paid an average of Gh₵ 1.00 per day. Mean daily water consumption per capita for the wet (n = 140) and dry seasons (n = 235) was 38.97 and 20.70 liters, respectively (data not shown in the table). 
The Relationship between Per Capita Water Consumption and Hypothesized Factors
Wet Season
From the correlational analysis in Table 3 , factors such as household socioeconomic status, mother's educational level, amount paid for water, household size, number of functional taps, and the number of children less than five years showed a negative correlation with per capita water consumption in the wet season. However, only the volume of the primary water storage vessel, number of water storage vessels, and length of water storage showed a positive correlation with per capita water use. Furthermore, the results suggest that only two factors out of 11; the volume of the primary water storage vessel (r = 0.278, p < 0.05) and the number of children less than five years (r = −0.206, p < 0.05), showed a statistically significant correlation with per capita water consumption (Table 3) . Studies in rural Nicaragua in Central America have also shown that household size, site of clothes washing, types of water source and distance to water source were negatively correlated with per capita daily domestic water consumption. However, the mother's level of schooling (years), father's level of schooling (years) and ownership of cattle were positively correlated with per capita daily domestic water consumption (Sandiford et al. 1990 ).
In the wet season, the correlation was statistically significant for the relationship between the volume of the primary water storage vessel and factors such as household wealth (r = −0.243, p < 0.05), hours of water service (r = 0.342, p < 0.01), mother's educational level (r = −0.364, p < 0.01), household size (r = 0.228, p < 0.05), time taken to make a return water collection trip (r = −0.214, p < 0.05) and the number of children less than five years (r = −0.309, p < 0.01). The number of children less than five years was significantly correlated with factors such as hours of water service (r = −0.224, p < 0.05), mother's educational level (r = 0.325, p < 0.01), volume of the water storage vessel (r = −0.309, p < 0.01) and household size (r = 0.225, p < 0.05).
Dry Season
In Table 4 , household socioeconomic status, number of functional taps, and volume of the primary water storage vessel showed a positive correlation with per capita water consumption in the dry season. Six factors out of 11 showed a negative correlation with per capita water consumption; namely, amount paid for water, household size, time taken to make a return water collection trip, number of children less than five years, hours of water service, and length of water storage. Only two variables out of 11 showed a statistically significant correlation with water consumption; namely, household size (r = −0.348, p ≤ 0.01) and length of water storage (r = −0.427, p ≤ 0.01).
In the dry season, the correlation amongst the hypothesized predictors was statistically significant for the relationship between household size and household wealth (r = −0.257, p < 0.01), as well as the amount paid for water per day (r = 0.519, p < 0.01). The correlation of the number of water taps was only statistically significant for the amount paid for water (r = −0.543, p < 0.01) and time taken to make a return water collection trip (r = 0.28, p < 0.05). The number of children less than five years correlated significantly with the mother's educational level (r = 0.288, p < 0.05) and household size (r = 0.350, p < 0.01). Duration of water storage was also significantly correlated with per capita water consumption (r = −0.427, p < 0.01), hours of water service (r = −0.201, p < 0.05), and the volume of the primary water storage vessel (r = 0.195, p < 0.05).
Similarities and differences between the Wet and Dry Season
Comparing the results of the correlational analysis of the two seasons, some similarities and differences emerge. As shown in Table 5 , six out of eleven predictors compared to nine out of eleven met our expectation for the wet and dry season respectively. The results suggest that irrespective of the season, the volume of the primary water storage vessel, and the numbers of water storage vessels in the households are both likely to show a positive correlation with per capita water consumption. On the other hand, household size, time taken to make a return water collection trip and the number of children less than five years are all likely to show a negative correlation with per capita water consumption regardless of the season (Table 5 ). The wet and dry season differed in terms of the direction of relationship between per capita water consumption and household socio-economic status, mother's educational level, hours of water service, number of functional taps and duration of water storage (Table 5) .
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Effects of Predictors on Per Capita Domestic Water Consumption
We conducted stepwise multiple regression analysis to examine the effects of the potential predictors on per capita water consumption in urban households with children under-five years. The wet season model was not statistically significant as a whole when all 11 predictors were assessed together, R 2 = 0.12, F(11, 68) = 1.89, p = 0.06 (Table 6 ). Nevertheless, when assessed with the stepwise multiple regression, the volume of the primary water storage vessel, household size and number of water storage vessels showed statistical significance (p ≤ 0.05) and together they accounted for 16% of the variation in per capita water consumption in the wet season , R 2 = 0.16, F( 3, 68) = 5.33, p = 0.002 (Table 7) . Compared to the wet season, a relatively better model was found for the dry season, where the number of service hours, household size, volume of the primary water storage vessel and duration of water storage showed statistical significance (Table 6 ) and the overall dry season model was also statistically significant; R 2 = 0.37, F( 11, 92) = 5.87, p = 0.000. Together, the number of service hours, household size, volume of the primary water storage vessel, and duration of water storage showed statistical significance and constituted 40% of the total variation in per capita water consumption in urban households in the dry season; R 2 = 0.40, F(4, 92) = 16.29, p = 0.000 (Table 7) . 
Discussions
This study investigated the predictors of domestic water consumption in households with children less than five years in the wet and dry seasons. Children less than five years do not live in a vacuum, but are catered for and nurtured by the household. In its consumption of water, the household is influenced by various factors.
We found that the most statistically significant predictors of domestic water consumption in the wet season were the volume of the primary water storage vessel, number of water storage containers, and household size ( Table 7) . Irrespective of the season, per capita water consumption in households with children under five increased when there was an increase in the volume of the primary water storage vessel, as well as when there was an increase in the number of water storage vessels. This suggests that the ability of a household to store more water is increased when there is an increase in the volume or number of water storage containers. The health implication of the use of large storage containers (above 40 liters) or securing more than one storage container is that it affords the household the ability to collect more water for domestic, as well as hygiene, purposes to curtail diarrhoeal disease transmission through inadequate amounts of safe water. A study by Checkley et al. (2004) showed that children in households with small storage containers had 28% more diarrhoea episodes than children from households with large containers.
In both seasons, per capita water consumption was low in large sized households but higher in small-sized households. This inverse relationship between per capita water consumption and household size is consistent with studies by Martin (1999) and Keshavarzi et al. (2006) who demonstrated in their studies that percapita water consumption in large families was lower compared to smaller families because the use of water for domestic activities such as home cleaning, gardening, taking care of livestock were relatively independent of family size (Fan et al., 2013) .
The significant predictors of domestic water consumption in the dry season were duration of water storage (days), household size, number of service hours, and volume of the primary water storage vessel (Table 7) . Duration of water storage was inversely related to per capita water use. As the number of days of water storage increased, the volume of water per capita also decreased. In other words, the longer the time it took for water to be replaced, the smaller the volume of water available for each member of the household. A likely reason is that as water is stored over a period of time without replacement, various members of the household may fetch water and use it for other domestic purposes, which reduces the total volume of water available to the household. Whenever any member fetches water from the storage vessel, the total volume is reduced, suggesting that a lesser amount is available for the other household members. Unexpectedly, households that received 24-hour water services had lower per capita water consumption in the dry season. This result may probably be due to intermittent flow of water or low flow rates of the water sources used in the season. Thus, although water may be available at a particular water source 24 hours a day, the total volume that can be collected may not be adequate for the households' daily needs. An implication for using intermittent water supply is that waste water from sources such as septic tanks or domestic drains could seep through cracks in the walls and weak joints when the water pressure is low (WSP, 2010) . This could result in the introduction of faecal matter into the water distribution system and possible outbreak of diseases (Hunter et al., 2005; WHO, 2014) .
It is known that the quantity of water used for domestic purposes and personal hygiene has implications for controlling environmentally related diseases such as diarrhoea (Esrey et al. 1985; Esrey and Habicht 1986; Victora et al. 1988; Sandiford et al. 1990 ). According to the WHO, water consumption and hygiene have direct implications for human health physiologically and controlling water-related diseases (WHO, 2003:2). Based on service-level definitions given by Howard and Bartram (2003) , 140 (58%) and 235 (97%) households in the wet and dry seasons, respectively, had "basic access" to water. Basic access implies that, most likely, not all household water needs were met and the quality of water could not be guaranteed to be safe at the point of consumption. This presupposes that adequate safe water must be provided to secure the health of children in the household because children less than five years have lower immunity levels and are more vulnerable to diseases such as scabies, tinea, and diarrhea, which can be contracted due to inadequate water for personal hygiene.
In this study we found that, the R 2 values of the potential predictors did not exceed 0.45. The low explanatory power in this study was consistent with other studies of domestic water use in Mexico which found an R 2 of 0.13 (Corral-Verdugo et al., 2002) , 0.22 for a study conducted in Australia (Syme et al., 2004) , and 0.37 for another conducted in rural China (Fan et al., 2013) . The results from our research therefore suggests that percapita domestic water consumption in households with children less than five years may be influenced by varied factors which necessitates further exploration.
Study Limitations
Our study has some limitations which need to be duly acknowledged. Data about water use at the household level was collected from the female head of the household therefore the study would have benefited more from the inclusion of the views of all the members of each household. Domestic water consumption estimates were reported by mothers who may have been subject to recall bias. In addition, wealth status in this study was estimated by the categorization of household items that had relatively similar economic values. Also there are potential misspecification errors due to missing explanatory variables.
Conclusions
The 11 predictors we hypothesized could not satisfactorily predict domestic water consumption in both the wet and dry seasons. Nevertheless, we found that in both seasons, factors such as household size and the volume of the primary water storage vessel had a significant relationship with the amount of water consumed per person per day in a household that had children less than five years. We suggest further research on the determinants of water consumption by assessing the influence of socio-demographic factors such as gender of the household head, ethnicity, culture, religion, number of baths per day, residential tenancy arrangements and water use characteristics of each member of the household. We believe these factors may elucidate the determinants of domestic water consumption in households in general and specifically those in which children less than five years live.
